An examination of the geomagnetic field variations at equatorial stations in South America has shown that the daily range of the northward field, H, is about 30% larger in Peru than in Brazil. The midday H field vector in Brazil shows a large westward tilt, corresponding to large westward declination at the station. A significant meridional trans-equatorial current system is suggested for the observed anomaly. The longitudinal variation in the equatorial electrojet current strength is suggested to be due to the corresponding variation in the ionospheric electric field rather than to the electrical conductivity.
Introduction
described the two anomalies in the ionosphere at equatorial and low latitudes. He showed that the critical frequency of the F 2 layer (foF 2 ) over the magnetic equator shows a minimum around the midday hours, and the latitudinal variation of noon values of foF 2 shows a minimum over the magnetic equator and maxima around 15
• N and 15
• S dip latitudes. Chapman (1951) suggested that the equatorial enhancement of the daily range of the horizontal geomagnetic field H during the midday hours is due to a thin sheet of eastward flowing current in the E region of the ionosphere, which he named as the equatorial electrojet (EEJ). Baker and Martyn (1953) subsequently explained the EEJ as being due to the enhanced electrical conductivities over the equatorial ionosphere through the action of orthogonality of the electric and magnetic fields in a region of differing ion and electron mobility. Rastogi (1959) explained the two anomalies in the F 2 region of the ionosphere at low latitudes as being due to the vertical uplift of the ionization by the E×B force over the magnetic equator and its subsequent transport to midlatitudes along the magnetic lines of force. Later, Rastogi (1961) found that the amplitude of lunar tidal variation in noon F 2 is enhanced over the magnetic equator in a manner similar to the latitudinal enhancement of the daily range of H. It was found that the amplitude of lunar tide in foF 2 was twofold larger in American longitudes than in Indian longitudes. It was suggested that the equatorial electrojet current may thus be stronger in American longitudes (Rastogi, 1962a) .
The International Geophysical Year 1957-1958 saw the establishment of new geomagnetic observatories close to the magnetic equator at Addis-Ababa in Ethiopia, Trivandrum in India and Koror and Jarvis in the Pacific; this was Copyright c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRAPUB. in addition to the already existing one at Huancayo, Peru. Using the data from these observatories, Rastogi (1962b) showed that the longitudinal variation in the strength of the equatorial electrojet was strongest in American longitudes and weakest in Indian longitudes. The data also indicated that the strength of the equatorial electrojet is inversely related to the strength of the geomagnetic field. However, there have been no serious improvements in the distribution of the data available from the equatorial electrojet stations and a finer resolution of the longitudinal variation in the equatorial electrojet has not been possible. The region of eastern Brazil has been very abnormal in that the strength of the H field is minimum and the declination is maximum. Prof. K. Kitamura organized the establishment of fluxgate digital magnetometers at low latitudes around the world. We have chosen simultaneous data from Alcantra (ALC) and from Ancon (ANC) in Peru to estimate the equatorial electrojet current at the two ends of the vast South American sector. The coordinates of the two stations are given in Table 1 .
The total intensity was almost the same at the two stations-26624 nT at Ancon and 26814 nT at Alcantra. The inclination was 1.2
• at Ancon and −0.02 • at Alcantra, but the declination was 1.5
• E at Ancon and 20
• W at Alcantra. Thus, Alcantra is a unique equatorial electrojet station where the horizontal magnetic field vector is the most inclined from the geographic meridian. Our aim was to determine the effects of this situation on the direction and magnitude of the ionospheric current. The data for the present study were downloaded from the Quick Look maps in the website of the Kyushu University Equatorial Magnetometer chain. The original charts were digitally modified to obtain uniform scale values for the two stations, and a few selected periods were chosen for comparison. Figure 1 shows the northward, X, eastward, Y, and vertical, Z, fields at ANC and ALC during the period 11-21 October 1993. The charts are derived from high-resolution recordings and, therefore, the daily variations show shortperiod fluctuations superimposed on the smooth diurnal variations. The slow drift of the daily maps is due to the drift in the instrument and not due to the change in the mean strength of the magnetic field. The magnetic Ap indices are also shown in the figure, indicating that the period chosen was magnetically quiet. A cursory glance of the chart for X suggests a synchronous variation of the diurnal amplitude of the daily range at the two stations. A large value of range X on 15 October and a small value on 19 October can be seen at both stations. In terms of the daily variation of Y at ANC, the amplitudes are small, with a small maximum around local noon hours. The daily variations of Y at ALC show significant midday minimum values. Similarly, the Z field shows a small maximum at ANC and a large minimum at ALC. Figure 2 shows the charts of the X, Y and Z variations at ALC and ANC for the period 21-30 April 1994. It is 1994. At ALC, a sharp decrease of X just before the start of the normal morning increase is an interesting feature to be studied and explained. September 22, 23 and 24, 1994 were the quiet days of the month, and the monthly mean daily variations in the X and Y fields at ALC and ANC were computed; these are shown in Fig. 5 . The curves for ANC are seen to be shifted to later UT hours than those for ALC because ANC is about 2 h west of ALC. Significant short decreases of X are seen at both the stations just before the start of the normal daytime increase. The range of the X field was 125 nT at ANC and 90 nT at ALC, which correspond to the range H of 125 nT at ANC and 96 nT at ALC. The daily variation in Y showed a short daytime maximum at ANC and a large daytime minimum at ALC. An unusual large increase in X at 17 UT, which corresponds to noon, was observed at ANC and ALC without any short-period fluctuations. An examination of the IMF parameters indicated an abnormally large B X equal to +27 nT, with B Y and B Z being close to 0 nT at 1930 UT. This large X was accompanied by a large increase in Y at ALC and a large decrease at ANC. This unusual event should be explored in more detail in a future investigation.
Results
The daily range of X, excluding the early morning dip, was 125 nT at ANC and 90 nT at ALC, giving a ratio of 1.39. This corresponds to the ratio of range H at ANC to that at ALC of 1.30. The Y field showed a midday maximum at ANC and a large midday minimum at ALC. Thus, the current vector during noon was inclined southward in Peru and northward in Brazil. It has to be noted that the declination in Brazil was 20
• west of North. This suggests that the midday H vector aligns itself to the dip declination rather than to the geographic meridian. 
Day-to day variation of range X
The amplitudes of the daily range of X were computed for clear traces with little disturbances and the variations of these range X values at the two stations during the months of October 1993 and March and September 1994; these are shown in Fig. 6 . The range X is generally larger at ANC than at ALC. A second and more important fact is that the day-to-day variations in range X showed a good correlation. Figure 7 shows the mass plot of the amplitude of range X at ANC against the same at ALC. Most of the points indicate that the amplitude is greater at ANC than at ALC. The mean of all points yielded a value of range X of 145 nT for ANC and 110 nT for ALC. This corresponds to mean range H of 145 nT at ANC and of 107 nT at ALC. Thus, the ratio of range H at ANC to ALC would be 1.24. Chapman (1951) had assumed the H field to be northward so that the declination was zero. Baker and Martyn (1953) similarly assumed the tidal electric field to be along the E-W direction and that its action on the northward magnetic field H produced the vertical currents. The vertical polarization field developed due to the inhibition of vertical currents (conducting region bounded) that abnormally increased the eastward electric conductivity in the ionosphere over the dip equator. Rastogi (1962) suggested that the Cowling conductivity may be larger at stations with lower magnetic field strength. This could explain the highest electrojet current at Huancayo, which had the lowest magnetic field of all electrojet stations. Rastogi (1993) argued that (H observed at ground level is due to the overhead ionospheric current, which in turn is proportional to the product of E region ionization density and the horizontal electric field. He suggested an index of electric field E(E = k H/N m E ). He also showed that the solar cycle variation of H is directly related to the similar variation of N m E but that the seasonal variation of H is related to the corresponding variation in the electric field. The daily variation of H is related to the variation of both electron density and the electric field. The longitudinal variation in the daily range in H was attributed to the corresponding variation in the local electric field in the ionosphere.
Discussion
The present analysis shows that the equatorial electrojet current is significantly larger in Peru (75
• W longitude) than in Brazil within a separation of 2 h in local time. The total geomagnetic intensity is practically identical at the two places. Thus, the argument that the total ionospheric conductivity over the dip equator is inversely related to the total geomagnetic field intensity is not a valid reason for explaining the longitudinal variation of the equatorial electrojet current strength. The longitudinal variation in the strength of the equatorial electrojet current is suggested as the variation in ionospheric conductivity.
The noontime direction of the horizontal field, H, aligns itself along the magnetic dip declination, suggesting the large inclination of the ionospheric current loop at low latitudes. One hypothesis is that this is due to a significant trans-equatorial ionospheric current. The direction of this meridional current varies significantly with longitude and, possibly, with the local time and season at the station.
A study of the solar flare and SC effects on the equatorial electrojet current at different equatorial stations may reveal the fine structures of the equatorial electrojet at different longitudes.
